Whale sharks are a major attraction for tourist divers and snorkelers in South Ari Atoll,
INTRODUCTION

12
In tropical locations around the world a new wildlife tourism industry has emerged in the last two decades 13 that brings tourists in close proximity with whale sharks (Rhincodon typus). Due to the sharks' docile 14 nature, patterns of seasonal aggregation (Sequeira et al., 2013) , as well as accessibility, tourists are able to 15 snorkel and scuba dive with unrestrained (or free-swimming) whale sharks. Whale sharks are listed as
16
"Vulnerable" to extinction on the IUCN Red List of Threatened Species (IUCN, 2014) ; due to this, whale 17 shark tourism has been hailed as an important income-generating alternative to consumptive or extractive 18 uses of whale sharks such as shark finning or liver-oil processing (Norman and Catlin, 2007) .
19
Tourism revenue can be considered a type of non-consumptive direct use value (Catlin et al., 2013; for 20 a description of value types see Turner et al., 2003) . The direct spend method has been previously used to 21 estimate the economic impact of a natural location or a non-consumptive activity, including elasmobranch 22 watching (Anderson et al., 2011; Clua et al., 2011) . It is complementary to non-market valuations like 23 those estimated by the contingent (e.g. willingness to pay) and travel cost methods. Direct spend provides 24 a "minimal very conservative estimate of the economic value of natural areas" (Wood and Glasson, 2005) .
25
When data are available researchers use multipliers to also estimate the indirect effects in the economy 26 (Catlin et al., 2010b) . Direct spend, however, might also overestimate the value if it includes expenditures 27 not exclusive of that resource. Therefore, tourism expenditure cannot be attributed to the natural resource 28 if it is not the reason of the trip nor it influences the length of the stay. By estimating only the direct spend 29 in whale shark excursions our valuation is closer to the substitution value, i.e. "the amount of expenditure 30 that would be lost if whale shark tourism did not exist" (Catlin et al., 2010b) .
31
The whale shark tourism industry first began at Ningaloo Reef in Western Australia in the late 1980's 32 and early 1990's when operators began taking tourists mainly on diving excursions to swim with whale 33 sharks during aggregation times from roughly May-June (Colman, 1997; Davis et al., 1997; Catlin and has made a strong economic case for conservation in that the sharks are worth more alive for tourism pur-37 poses than dead (Cisneros-Montemayor et al., 2013) . However, the economic value of whale shark tourism 38 remains unclear apart from economic evaluations from Belize, the Seychelles and Ningaloo Reef ( on the implementation of such measures (Ludwig, 2000; Catlin et al., 2012 Catlin et al., , 2013 .
68
In this study, we improve current understanding of whale shark tourism by exploring the visitation 69 patterns and economic effect of whale shark excursions in South Ari MPA in 2012 and 2013. To our 70 knowledge this is the first study to model tourism metrics (expenditure, visitation and boat activity) in a
71
MPA based on data collected with dedicated field surveys, rather than surveying a sample of the visitors.
72
The results and recommendations we provide can be used to enhance the management of whale shark 
METHODS
76
Study Location
77
Officially designated a protected area in 2009, the South Ari MPA is the largest Marine Protected operation intensity during tourist low seasons (March-September; Table 2 ).
103
During the surveys we approximated the location of the vessels using the location of the survey boat between the observers. The type of boat was selected between the options presented in the 
119
The daily number of visitors was calculated by adding together the total number of persons observed 120 on-board for each boat type. In order to control for the crew on-board, we subtracted two from the 121 total number on-board each boat. Although occasionally there were more than two crewmembers per 122 boat (especially on liveaboards), this imprecision is counteracted by the fact that in some cases we were 123 not able to see and count all people on-board. To calculate daily direct expenditure we first multiplied 124 the number of guests in a boat by the respective prices of a daily trip for each specific boat operator to 125 determine the direct expenditure per boat. Subsequently all the expenditures per boat were summed.
126
Because we surveyed the MPA only over a limited period of the day and because of the complications of 127 counting the number of people on-board we consider our results to be conservative estimates of the actual 128 tourism metrics.
129
Although it could change in the future due to the emergence of local community guesthouses and 130 dive centers, for this analysis we included only resort and liveaboard associated vessels as currently they 131 the AIC weighted average models that accounted for at least 95% of the evidence.
167
We used the models to predict the six response variables from January 1, 2012, to December 31, 2013,
168
including those days when surveys were not conducted (due to limited sampling we did not predict any we calculated the corresponding standard errors using the Jackknife method leaving one sample out at a 173 time (Efron and Tibshirani, 1986) .
174
All analyses were performed used R 3.0.2 with the packages 'nlme', 'glmulti', 'MASS', and 'bootstrap' Venables and Ripley, 2002).
177
RESULTS
178
We estimated that mean direct expenditure on whale shark excursions was US$7.6 and $9.4 million in time that each level on the predictor variables is allowed to have a different variance (Table S1 , S2).
The daily number of guests and boats (both for liveaboards and resorts) were calculated from a 187 weighted average of models that accounted for 95% of the evidence weight (Table S3) . Predictions for the 188 number of resort guests were based on all independent variables but not their interactions, whereas all 189 other count models also included the interaction between Season and Day of the Week (Table S4a) .
190
The effect of season was the largest in all models. While both liveaboard boats and resort boats visit
191
the South Ari MPA in a given day more during high than low season, the difference between high and low
192
season is three times larger for liveaboards than for resort vessels (Fig. 2d ). There was a 60% decrease on 193 the total number of guests, which was reflected on a 35% decrease on resort boats numbers and an 88% 194 decrease on liveaboard boat numbers, causing a 64% decrease in daily economic expenditure (estimates 195 based on model coefficients; Table S2 and S4, Fig. 2b ).
196
Boat activity varied throughout the week-Wednesday being busiest day and Friday the least ( however, there are three times more guests from liveaboards on a Wednesday compared to Friday.
204
As expected, wind had a negative effect on the expenditure, for example a wind speed of one standard 205 deviation above the average can cause a 13% decrease on daily the revenue. This negative effect is 206 consistent in all models of number of guests and boats (SM Table 2 , SM Table 4) .
207
Approximately 75% of the boats visiting the MPA for whale shark tourism are encountered on a 5 km 208 stretch between Nalaguraidhoo Island (Sun Island Resort & Spa) and Maamigili Island (Fig. 3) .
209
DISCUSSION
210
We estimate direct expenditure on whale shark excursions at US$7.6 ± 2.7 million (mean ± SE) in 2012 
222
For instance, despite the less frequent sampling during low season (which is reflected in a higher 223 standard deviation for this stratum; Table S2 ), we detected, as expected, a clear significant difference on 224 guest numbers and income generated by whale shark trips between seasons. This difference is stronger 225 for liveaboards, which showed an 88% reduction in boat activity compared to a 35% reduction of resort 226 boats. We also detected temporal variability on a weekly basis-Wednesdays bringing the most revenue Another example that comes from fisheries management, Individual Transferable Quotas, could limit the 262 number of licensed boats in the MPA as a way to reduce crowding without dictating the actual number of 263 people in the water with a shark at any time.
264
Alternatively, spotter planes can facilitate whale shark encounters by making searching more efficient 265 and therefore dispersing operators among a greater number of sharks (Rowat and Engelhardt, 2007; Catlin 266 and Jones, 2010). When the number of sharks available for encounters is limited, a code of conduct that 267 encourages to "pass the shark" from one operator to another after a mutually agreed time might improve 268 guest experience and reduce potential impacts on whale sharks.
269
Because of the importance of up-to-date information in effective management we suggest the South Ari MPA stakeholders to be directly involved in the collection of data on whale shark encounters and interactions. By supporting data collection using paper or electronic GPS based logbooks, the industry 
286
Because of the scientific ambiguity and the many assumptions needed to value individual animals, 287 we have refrained from ascribing a tourist value to the whale sharks in Maldives (Catlin et al., 2013) .
288
Our results, however, show that the Maldivian whale shark tourism industry is financially significant 289 as it approaches 3% of the global shark ecotourism expenditure (Cisneros-Montemayor et al., 2013) . 
297
Ecotourism projects are more likely to be successful when the target is a charismatic species and 298 the management involves the local community (Krüger, 2005; Gallagher and Hammerschlag, 2011) .
299
Operators are in the best position to lead multidisciplinary and participatory processes to maximize tourist 300 satisfaction while achieving protection goals and ensuring the long-term sustainability of whale shark 301 encounters in the South Ari MPA (Bentz et al., 2013) . However, considerable discussion and deliberation 302 will need to happen to determine the best approach that all stakeholders-including local communities, 303 industry, and government-are willing to adopt to ensure a functioning management system. This pursuit 304 should be viewed as an iterative process with emphasis placed on evaluation and iteration based upon 305 empirical findings.
306
CONCLUSION
307
Based on empirical recreational data, we found that whale shark tourism in the South Ari MPA has been 308 increasing in popularity and represents a significant wildlife tourism industry for the country, which 309 follows the increasing popularity of the global shark tourism industry. Our findings are significant in that 310 they bolster previous studies on Maldivian wildlife tourism that highlight the importance of the industry 311 and urge for effective management. We hope that this paper can contribute towards the establishment of 312 an effective management system in the South Ari MPA and serve as a guide for other wildlife species and 313 areas throughout the world. Table S1 . Models evaluated for the expenditure model using the Akaike information criterion (AIC). Table S3 . Akaike Information Criteria differences (∆ i = AIC − AIC min ) for the count models evaluated.
Bold values indicate the models that accounted for 95% of the evidence weight and were used for predictions. Models were based on season (s), day of the week (w), year (y) and daily average wind speed (u = log(speed + 1)) as explanatory variables.
Model Formula Guest models Boat models Table S4 . Parameter estimates for guest and boat number models that accounted fro 95% of the evidence weight (Table S3) .
(a) Averaged coefficient estimates (Est.), unconditional variances (U.V) and relative importances (Imp.) of the independent variables. 
